Abstract. Web Services are interfaces to a collection of operations that are network-accessible through standardized XML messaging, and whose features are described using standard XML-based languages. Semantic Web Services (SWS) describe semantically the internal structure and the functional/nonfunctional capabilities of the services, facilitating the design and evaluation of SWSs based on that semantic description of the features of the services. To enable users to design and compose SWSs at the knowledge level, the ODE SWS framework has been proposed. That framework uses problem-solving methods to describe the functional and structural features of the SWSs. In this work, we present a description of the ODE SWS environment as an implementation of the ODE SWS framework. Specially, we focus on the description of the capabilities of the SWSDesigner, the tool of the ODE SWS environment that enables users to design graphically SWSs through different but complementary views of the services.
Introduction
Web Services (WSs) are interfaces that describe a collection of operations that are network-accessible through standardized Web protocols, and whose features are described using a standard XML-based language ([1,2] ). These features are the following: (1) communication features describe the protocols required to invoke the service execution; (2) descriptive features detail the e-commerce properties; (3) functional features that specify the capabilities, enabling thus for an external invoking agent to determine whether the service execution can obtain the requested results; and (4) structural features describing the internal structure of a composite service, that is, which are its structural components and how those components are combined among them to execute the service.
In this context, the Semantic Web [3] has risen as a Web evolution where the information would be directly machine-readable to enable software agents to access to it. Following this approach, Web Services in the Semantic Web, so-called Semantic Web Services (SWSs), must be described using an ontology that is expressed in a semantically enriched markup language [4] . This semantic description will facilitate external agents to understand both the functionality and the internal structure of the services to be able to discover, compose, and invoke SWSs [5] . The markup language could be OWL [6] , but it must be combined with WS standard languages to be able to use the current infrastructure of the WS [7] . Following this approach, the OWL-S [8] specification (formerly DAML-S [9]) has been proposed to describe services in a semantic manner, using OWL in combination with WSDL [10] and SOAP [11] .
However, as a previous step to the specification of SWS in a semantic Weboriented language, the SWS should be designed at a knowledge or conceptual level [12] to avoid inconsistencies or errors among the services that constitute the SWS. In this context, SWS design consists in specifying the descriptive, functional, and structural features of a service. Currently, there are some proposals to edit/design SWSs, but the main drawback of these available editing tools is that they operate at the representation level, so the following problems may arise: -These tools are language-dependent, like the WSMO Editor [13] , this means that:
(1) SWSs designed with these tools are less reusable, because the design can be constrained with the chosen language characteristics, meaning that the basic separation between design-implementation phases is broken; and (2) the designs are more prone to inconsistencies or errors that designs at the knowledge level. -Many tools that claim to be SWSs editors are not actually more than mere ontology editors, like the widespread option of OWL-S development with the OWL plug-in for Protegé-2000 [14] . This option not only suffers from all the problems enumerated above, but also adds the problem of working with an ontology instantiation, not with a SWS-like structure. To solve those drawbacks, we have proposed a framework, called ODE SWS [15] , for design of SWSs at knowledge and independent-language level. This framework is based on: (1) a stack of ontologies that describe explicitly the different features of a SWS; (2) a set of axioms used to check the consistency and correctness of the ontology instances, and, thus, of the service represented by the ontologies; and (3) the assumption that a SWS is modeled as a problem-solving method (PSM) that describes how the service is decomposed into its components, and which is the control of the reasoning process to execute the service.
In this paper, we describe the architecture of ODE SWS for design of SWSs, and specially, we focus on the capabilities of SWSDesigner, a tool that is the user interface of ODE SWS. SWSDesigner uses PSM-alike views for describing the SWSs and, the service is designed thus by filling the SWS definition; specifying its associated task (interaction and logic diagrams); creating the overall task hierarchy (decomposition diagram); building both the associated method internal dataflow (knowledge flow diagram) and the coordination of the execution of its subtasks (control flow diagram). This paper is structured as follows: in the following section the ODE SWS framework is presented; then, we show the functionalities of the environment that implements the ODE SWS framework: its architecture and current modules are described, paying special attention to the SWSDesigner graphical editor. Finally, we summarize the main contributions of the paper.
